R ecent national 1, 2 and California 3 studies have documented substantial variation across hospitals in the resources used to care for expired elderly Medicare beneficiaries with chronic illnesses, including heart failure (HF), during the 6-month period immediately preceding death. The premise of these studies is that examining hospital resource use among expired elderly Medicare beneficiaries during a fixed time interval before death, which we term as the "Looking Back" method, minimizes the likelihood that variations in resource use are attribut-able to differences in severity of illness, because all patients have the same outcome: death. Therefore, the argument goes, hospitals with the lowest resource use can be used to establish performance benchmarks, whereas hospitals with the highest resource use can be identified as inefficient. Public discussions of these studies suggest that reducing hospital resource use to these performance benchmarks would result in substantial savings from current health care spending without adversely affecting health outcomes. 4 -6 However, the "Looking Back" method suffers from 2 potentially serious shortcomings. First, by design, the method used in these studies cannot identify differences across hospitals in health outcomes. By analyzing only expired patients, this method forces health outcomes to be identical across hospitals: 100% mortality. The "Looking Back" method ignores the possibility that resource-intensive care may improve survival, and therefore identifies resourceintensive care as inherently inefficient. Second, the "Looking Back" method implicitly assumes that patterns of resource use observed among expired patients accurately reflect patterns of resource use among all patients, including patients who survived. Thus, the "Looking Back" method ignores the possibility that some hospitals may direct resources to patients in a selective manner, based in part on the likelihood that the patient will benefit from receiving those resources.
This study examines these 2 concerns regarding the "Looking Back" method by comparing it with a "Looking Forward" methodology which allows conclusions to be drawn about survival in addition to resource use. For physicians, patients, and patients' families, survival is a critical concern in patient care. 7 Specifically, our goals were (1) to determine whether health outcomes for chronically ill patients vary across hospitals, as measured by mortality rates over fixed time intervals after hospitalization, and (2) to determine whether the patterns of hospital resource use observed among expired patients accurately reflect the patterns among all patients hospitalized during the same time period, including patients who survived. To achieve these goals, we examined 2 cohorts of elderly Medicare beneficiaries hospitalized for HF at 6 nonprofit academic hospitals in California between 2001 and 2005: a "Looking Forward" cohort, which included all patients hospitalized during the study period, whether they expired or survived, and a "Looking Back" cohort of patients who expired during the study period, drawn from the "Looking Forward" cohort. The 6 study hospitals include the 5 University of California Medical Centers (UC Davis, UC Irvine, UC Los Angeles, UC San Diego, and UC San Francisco) and Cedars-Sinai Medical Center in Los Angeles. Cedars-Sinai is the largest teaching hospital in California and is academically affiliated with UC Los Angeles. These hospitals varied widely on hospital resource use in the prior studies, [1] [2] [3] and they include both hospitals identified as examples of performance benchmarks (UC Davis and UC San Francisco) as well as hospitals identified as examples of high resource use (Cedars-Sinai and UC Los Angeles).
WHAT IS KNOWN
• Substantial variation has been documented among hospitals in the resources used to care for elderly Medicare beneficiaries with chronic illnesses during the last 6 months of life.
• By only including individuals who have died in the analyses, researchers cannot identify differences on health outcomes such as survival.
WHAT THE STUDY ADDS
• This study found variation among California teaching hospitals in survival for patients hospitalized with heart failure. This variation would have been overlooked by a study that only examined heart failure patients who died.
• When analyzing all patients hospitalized for heart failure, California teaching hospitals that used more resources had lower mortality rates.
• When analyzing all patients hospitalized for heart failure, the variation in resource use among California teaching hospitals was 27% to 44% less than the variation observed when analyzing only heart failure patients who died.
Methods "Looking Forward" Cohort
We used administrative data from the 6 study hospitals to identify hospitalizations for 4990 elderly (age 65 or over at admission) Medicare beneficiaries that occurred between January 1, 8 or with a principal ICD-9-CM code of acute respiratory failure and a secondary diagnosis of HF. 9 We defined initial hospitalizations as HF hospitalizations that occurred within the specified time period at the 6 sites and were not preceded by any other HF hospitalization within the previous 6 months. To enhance clinical homogeneity, we excluded initial hospitalizations for 107 patients assigned to a surgical Diagnostic Related Group (DRG) classification 10 (except for valve replacement and pacemaker/defibrillator placement, which we included); for 120 patients who were transferred from another acute care hospital (because of unknown severity of illness and resource use at the preceding facility) [11] [12] [13] [14] ; and for 53 patients who had received a cardiac, renal, or hepatic transplant or were admitted for transplant evaluation based on ICD-9-CM codes (996. 
"Looking Back" Cohort
The "Looking Back" cohort were drawn from the 1650 patients in the "Looking Forward" cohort who expired between July 1, 2001, and December 31, 2005. Dates of death were identified using the hospital administrative data and the National Death Index (http:// www.cdc.gov/nchs/ndi.htm). We excluded an additional 11 individ-uals hospitalized at site F who had missing cost data for hospitalizations before the initial hospitalization used in the "Looking Forward" cohort. The final "Looking Back" cohort consisted of 1639 patients.
Outcomes
We generated 2 resource use outcomes, total hospital days and indexed total direct costs, from each hospital's administrative data, and we obtained mortality outcomes from the administrative data and the National Death Index. For the "Looking Forward" cohort, we determined total hospital days during the 180-day period after each initial HF hospitalization by summing the lengths of stay for the initial hospitalization and any subsequent hospitalization, regardless of principal diagnosis, for which the admission date occurred within 180 days of the initial hospitalization admission date. We determined total direct costs using internal cost accounting system data for each hospitalization included in the calculation of total hospital days. We also assessed total hospital days and total direct costs for the initial hospitalization (not shown in tables). We did not use total (direct plus indirect) costs because of concerns regarding a lack of comparability of indirect cost accounting across sites. Total direct costs were indexed to 2005 using the medical care component of the Consumer Price Index (www.bls.gov/CPI). To avoid revealing proprietary information about hospital-specific costs, we then divided each site's predicted total direct cost estimate by the mean predicted estimate for the entire study cohort (all 6 hospitals). We assessed mortality during the initial hospitalization and at 30 and 180 days after the initial hospitalization admission date. We chose to limit mortality assessment to 180 days after the initial hospitalization as one of our outcomes to be consistent with the 180-day resource use outcomes, and because previous studies have found that death up to 180 days after an initial hospitalization is associated with processes of care during the initial hospitalization. 15 For the "Looking Back" cohort, we followed the same procedures except that we determined total hospital days and total hospital direct costs during the 180-day period immediately preceding death by summing the lengths of stay and costs from all hospitalizations that overlapped the beginning of a 180-day period counted backwards from the date of death. [1] [2] [3] 
Statistical Analysis
We used multivariate regression analysis to assess differences across the study hospitals in the study outcomes, adjusted for differences in patient characteristics that can influence use and mortality. The key independent variables in the models were indicator variables for the 6 study hospitals, and the covariates included indicator variables for patient age on admission, gender, race/ethnicity (Hispanic, black, other, white), admission year, Medicaid as an additional payor, DRG for valve replacement or pacemaker/defibrillator placement, and each of 21 comorbidities derived from the Agency for Healthcare Research and Quality's Healthcare Cost & Utilization Project, after taking out HF, comorbidities subject to misclassification (coagulopathies, electrolytes and fluid disorders), and comorbidities too rare to include in the analysis (chronic peptic ulcer disease, drug abuse, HIV and AIDS, pulmonary circulation disorders, and valvular disease). 16, 17 Covariates for the "Looking Forward" cohort were derived from the initial hospitalization, whereas covariates for the "Looking Back" cohort were derived from the earliest hospitalization within 180 days of death.
For the "Looking Forward" cohort, we used zero-truncated Poisson regression models for total hospital days, zero-truncated negative binomial regression models for total hospital direct costs, and logistic regression models for mortality. We chose zero-truncated models for days and direct costs because these outcomes assume only nonzero positive values. 18, 19 We further confirmed the choice of models by assessing goodness of fit for alternative models (negative binomial versus overdispersed Poisson models, and models without zero truncation). For the "Looking Back" cohort, we used overdispersed Poisson regression models for total hospital days and ordinary least square regression models for total hospital direct costs, which were the methods used by prior studies. [1] [2] [3] Cost analyses with negative binomial models found similar results. In all models, we used the Huber-White sandwich estimator to obtain robust standard errors for the regression coefficients that accounted for the nonindependence (ie, clustering) of observations within hospitals. All analyses were performed using Stata 10 (College Station, Tex).
We report results as unadjusted and risk-adjusted means and proportions, where the latter are estimated using the method of recycled predictions. 20 -25 This method is the most appropriate method for estimating the risk-adjusted mean value of an outcome variable from nonlinear regression models, because it enables us to estimate what each study outcome would have been at each study hospital in 2005 if the hospital's patients had the same distribution of characteristics as the entire study population. We used the delta method to obtain standard errors for each hospital's risk-adjusted means and proportions and to conduct statistical tests of pair-wise differences between hospitals in these outcomes. 19, 26, 27 To ensure that these standard errors and tests also accounted for clustering, we applied the delta method to the robust variance-covariance matrix estimates obtained using the Huber-White estimator. A probability value of 0.05 or less was used as the criterion for statistical significance in all analyses, without adjustment for multiple comparisons due to differing views about the appropriate null hypothesis. 28 The institutional review boards at all 6 study hospitals approved this study. The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written. Table 1 describes the demographic characteristics of the "Looking Back" and "Looking Forward" cohorts. The "Looking Back" cohort was older (82.0 years versus 80.3 years), had a slightly lower proportion with Medicaid coinsurance (31.3% versus 33.9%), and a higher proportion of whites (74.6% versus 71.9%) than the "Looking Forward" cohort. The demographic characteristics of the "Looking Back" cohort were derived from each patient's first hospitalization, which may or may not have been for HF. As a result, the "Looking Back" cohort had a higher prevalence of surgical DRGs than the "Looking Forward" cohort (9.3% to 3.5%). Ranges are provided in parentheses across the 6 medical centers.
Results
We report the risk-adjusted mean values by site for mortality rates, total hospital days, and indexed total direct hospital costs at 180-days ( Table 2 ). We only analyzed adjusted mortality for the "Looking Forward" cohort ( Figure  1 ). Across sites, the difference between the highest and lowest adjusted mortality increased with longer follow-up periods. The adjusted mortality estimates ranged from 2.2% to 4.7% for inpatient mortality, from 5.1% to 8.8% for 30-day mortality, and from 17.0% to 26.0% for 180-day mortality. There were no significant differences between sites for inpatient or 30-day mortality. However, the site with the lowest 180-day mortality (site F) was significantly lower than sites A, D, and E; site C also was significantly lower than site A.
Across sites, the adjusted mean number of hospital days at 180-days ranged from 9.1 days to 21.7 days for the "Looking Back" cohort, and from 7.8 days to 14.9 days for the "Looking Forward" cohort (Table 3 and Figure 2 ). This difference in ranges was 44% less in the "Looking Forward" cohort than in the "Looking Back" cohort (7.0 days versus 12.6 days, respectively). The rank order for total hospital days between the "Looking Back" and "Looking Forward" cohorts differed for 4 of the 6 sites; only the sites with the highest and lowest ranks stayed the same across cohorts ( Table 4 ). The 4 sites that changed ranks did not significantly differ from each other on mean total hospital days in either cohort. Site F was significantly higher than all other sites in both cohorts, whereas site D also was significantly lower than sites C and E in the "Looking Back" cohort.
Across sites, the adjusted mean indexed value of total direct hospital costs at 180-days ranged from 0.91 to 1.79 for the "Looking Back" cohort, and from 0.66 to 1.30 for the "Looking Forward" cohort (Table 3 and Figure 3 ). This difference in ranges for nonindexed values was 27% less in the "Looking Forward" cohort than in the "Looking Back" cohort. The rank order for total direct costs between the "Looking Back" and "Looking Forward" cohorts differed for 4 of the 6 sites; only the sites with the highest and lowest ranks stayed the same across cohorts (Table 4) . Of the 4 sites that changed ranks, 2 pairs switched rank orders. These pairs did not significantly differ from each other on mean total direct costs in either cohort. Site F was significantly higher than all sites, and site D was significantly lower from site E, in both cohorts. In addition, site E was significantly higher than site A in the "Looking Back" cohort, and site C was significantly higher from sites A and D in the "Looking Forward" cohort. For the "Looking Forward" cohort, the Spearman rank correlation coefficient between adjusted mortality and adjusted total hospital days at 180-days was Ϫ0.68 (Pϭ0.12), and between adjusted mortality and adjusted indexed total direct costs at 180-days was Ϫ0.93 (PϽ0.01). Site F had the highest hospital use by both measures, but it also had the lowest mortality. Dropping site F from the analysis changed the correlation estimates for the 180-day outcomes to Ϫ0.45 (Pϭ0.43) and Ϫ0.88 (Pϭ0.04), respectively. Similarly, the Spearman rank correlation coefficient between adjusted 180-day mortality and adjusted initial hospitalization total hospital days was Ϫ0.45 (Pϭ0.36), and between adjusted 180-day mortality and adjusted initial hospitalization indexed total direct costs was Ϫ0.87 (Pϭ0.02). The Spearman rank correlation coefficients between the "Looking Forward" and "Looking Back" cohorts were 0.62 (Pϭ0.17) for adjusted total hospital days ( Figure 4 ) and 0.87 (Pϭ0.02) for adjusted indexed total direct costs at 180-days ( Figure 5 ).
Sensitivity Analyses
We conducted the following sensitivity analyses to assess the robustness of our findings: (1) analyses of the "Looking Forward" and "Looking Back" cohorts that included individuals with missing cost data (Appendix 2), (2) analyses that used total costs instead of direct costs (Appendix 3), (3) analyses that included initial hospitalizations for patients transferred from other hospitals, transplant patients, and patients in surgical DRGs besides valve replacement or pacemaker placement (Appendix 4), (4) analyses of the "Looking Forward" cohort using all initial HF hospitalizations, including multiple initial hospitalizations for the same patient (Appendix 5), and (5) analyses of subsamples from the "Looking Forward" and "Looking Back" cohorts that included clinical laboratory values at admission (blood urea nitrogen, serum creatinine) as covariates in the multivariate regression models (Appendix 6). We did not use laboratory values in the main analyses as they were available only for an unevenly distributed subset of patients. We found that the results of the sensitivity analyses exhibited the same patterns as the findings of the main analyses (data not shown). In addition, associations between adjusted outcome variables at the hospital level were very similar, in both magnitude and statistical significance, when we estimated weighted Pearson 
Discussion
Prior studies of variation in hospital resource use that focus only on expired patients have been interpreted to mean that hospitals with low resource use should be regarded as performance benchmarks. Our findings agree with previous investigators that such benchmarking based only on expired individuals should be viewed with caution, 29 particularly when benchmarking is extrapolated beyond expired individuals. 4 -6 First, and most importantly, this study identified substantial variation among the 6 study hospitals on adjusted mortality rates in the "Looking Forward" cohort, particularly when observed for 180 days after the initial admission. This health outcome variation also was inversely correlated with resource use variation, meaning that hospitals with higher adjusted resource use within 180 days after an initial hospitalization also had lower adjusted mortality. Second, the patterns of resource use across hospitals were not the same between the "Looking Forward" and "Looking Back" cohorts; the only consistent pattern was that site 6 had the highest level and site 4 had the lowest level of resource use in both cohorts, when measured by either use measure. However, changes in rank order occurred among sites that did not significantly differ from each other; simple reporting of means without accounting for significant differences, although simpler for general audiences, may result in incorrect assumptions that sites truly differ from each other on use measures. Further, the study hospitals varied considerably in the size of the difference between risk-adjusted use measures derived from all patients and measures derived only from expired patients. The 1.5-fold difference across the 6 study hospitals in risk-adjusted 180-day mortality among elderly Medicare patients hospitalized for HF challenges the notion that studies of expired patients provide valid and useful information on hospital efficiency, which should be measured by both resource use and health outcomes. Although prior studies have demonstrated mortality variation across hospitals for HF patients, 7 we also found negative correlations between measures of resource use and 180-day mortality across the study hospitals. Although we do not intend to suggest that this correlation implies a causal relationship between more resources and better outcomes, it does suggest a need for further work to explore how care processes and resource use during an initial hospitalization and subsequent visits influence health outcomes. Although hospitals with excellent adherence to evidence-based process measures 30 have slightly lower risk-adjusted mortality than hospitals with poorer adherence, 7 ,31 these widely accepted process measures are unlikely to drive the substantial differences in resource use that we observed across teaching hospitals in a single state.
The authors of prior studies of variations in hospital resource use have acknowledged that use must be weighed with outcomes to assess efficiency. However, the common practice of restricting analyses to expired individuals (which is represented with our "Looking Back" approach) ignores outcome differences and overlooks the real possibility that resource use influences outcomes. The relationship between hospital efficiency and quality of care is complex, 32-36 and focusing on expired individuals is likely to be overly simplistic. Appropriate estimation of the value of health care spending requires assessment of potential outcome differences and cannot be done with a "Looking Back" approach. We believe that future studies should use the "Looking Forward" approach to ensure that important outcomes are not missed. Furthermore, clinicians have very limited ability to identify patients who are destined to die within 6 months and selectively withhold health care resources from those patients. [37] [38] [39] Although studying only expired patients is expedient because of human subject protection issues that apply only to living individuals, 40 a better solution is to study databases that include all individuals and to not ignore health outcomes.
The methods we used differed in several ways from the methods used in prior studies of variations in hospital resource use, but in most cases the changes in methods strengthened the study. Notably, we examined patients with a 
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Looking Forward, Looking Backprincipal diagnosis of HF, whereas prior studies included patients with a principal or secondary diagnosis of HF. We chose to be more restrictive to enhance the clinical homogeneity of the study cohort, because resource use patterns are likely to be driven by the principal diagnosis. For instance, use of resources to care for a patient who is hospitalized for hip fracture will differ from the use of resources to care for a patient who is hospitalized for HF, even if the hip fracture patient receives some treatment for HF. Similarly, we excluded patients whose clinical characteristics were likely to skew use patterns. Transfer [11] [12] [13] [14] and transplant patients [41] [42] [43] often have unmeasured severity of illness beyond what can be captured by diagnosis codes or comorbid conditions. 44 Hospitalizations associated with surgery incur additional resource use and convalescence that occurs with surgical procedures. Future studies should exclude these types of patients, because these types of patients can vary substantially across hospitals. Of note, although the proportion of patients in the excluded categories varied substantially across hospitals, sensitivity analyses that included these patients also found substantial health outcome variation between sites that were inversely correlated with resource use variation. We also expanded on the risk-adjustment methodology used by prior studies of variations in hospital resource use, [1] [2] [3] which only adjusted for age, gender, ethnicity, and the presence of 12 chronic conditions. Our regression models adjusted for age, gender, ethnicity, 21 comorbid conditions, dual Medicaid eligibility (to partially account for socioeconomic status), and admission year (to account for secular trends in clinical practice). In addition, we performed sensitivity analyses that adjusted for selected clinical laboratory values as well. Risk-adjustment methods using administrative data are subject to potential biases from unmeasured risk factors and other differences in care. 45 Although the riskadjustment methods we used cannot capture all differences across HF patients at different hospitals, we use a comprehensive list of covariates that are similar to other validated risk adjustment models for HF, 45 and we also find similar results with our sensitivity analyses using clinical laboratory values that may capture some of these unmeasured risk factors.
Our study has additional limitations. First, excluding individuals with missing cost data could affect internal validity of this study if there was a systematic pattern of missingness, such as related to severity of illness. However, the underlying cause of missing cost data were attributable to a known variable (in this case, time), and inclusion of these individuals actually strengthens our findings of mortality differences between sites (Appendix 2).
Second, because we used administrative data from the 6 study hospitals, we were unable to identify hospitalizations at other hospitals or include them in our calculations of resource use. However, prior studies suggest very high "hospital loyalty" among patients hospitalized for chronic illnesses 46 ; specifically, these studies found that chronically ill patients who were hospitalized in any of our 6 study hospitals had 80% to 90% of their total hospital days in the same hospital. 47 Third, because of lack of data, our study could not account for outpatient use. It is possible that the rank ordering of hospitals on resource use and the relationship between resource use and mortality would have changed if we had been able to include outpatient care.
Fourth, by counting hospital days and costs for all hospitalizations during the 180-day period of analysis for each patient, we included resource use that may not be directly attributable to the study condition, HF. However, we adopted this approach for comparability with prior studies, and analyses of days and costs for initial hospitalizations alone found similar variation across hospitals as our main analyses.
Fifth, even the direct cost values from one site may incorporate other costs (eg, teaching costs) that would have been attributed differently at another site. However, the similar associations observed between 180-day mortality and both resource use measures, total direct costs and total hospital days, suggest that total direct costs are a reasonable representation of resource use.
Finally, our results may not generalize to smaller hospitals and nonteaching hospitals, which did not participate in our study. Nonetheless, our findings suggest that focusing only on expired patients may lead to different ranking of hospitals with regard to resource use. More importantly, these studies ignore potentially large differences in health outcomes among chronically ill patients. Further studies should be conducted that include these and other hospitals to determine whether similar findings occur.
Assessing hospital efficiency requires that we consider outputs as well as inputs, that is, health outcomes as well as resource use. Contrary to public discussion of variation, 4 -6 it is likely that not all variation is inefficient or wasteful. However, much more work is needed to truly distinguish inefficient from beneficial resource use. The 6 hospitals involved in our study are currently investigating the underlying processes and practices that contribute to the variation in resource use and outcomes for HF that we identified. Their goal is to improve the outcomes of patients with HF and to provide care to those patients as efficiently as possible. 
